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@ Optical integrated device for magneto-optical reproducing head.

A device comprises five wave guides and two interposed TE-TM mode splitters, formed on a substrate.
A first mode splitter splits a first wave guide into second and third wave guides, and a second mode
splitter splits a third wave guide into fourth and fifth wave guides. A light beam directed to the first wave
guide through the second wave guide is irradiated to a magneto-optical recording medium. A signal
light beam carrying the infonmation recorded on the medium, reflected by the medium is directed to the
third wave guide through the first mode splitter, and the polarization plane of the signal light beam is
rotated by polarization plane rotation means. The signal light beam is further split by the second mode
splitter and directed to the fourth and fifth wave guides, thence to external detectors.
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical inte-
grated device used in optically reproducing magneti-
cally recorded information from a magneto-optical
recording medium.

Related Background Art

In order to reduce a size and a cost of a reproduc-
ing head for a magneto-optical recording medium
(hereinafter referred to as a disk), an optical inte-
grated device having a wave guide or other optical
elements formed on a substrate may be used.

For example, in an optical integrated device
shown in EP 345,232 (hereinafter referred to as prior
art), a second wave guide for supplying an illumi-
nation light beam and a third wave guide for emitting
a reflected light beam are arranged in branch at one
end of a first wave guide which functions as a forward
path of the illumination light beam to the disk and a
return path of the reflected light beam. The reflected
light beam is analyzed by a so-called differential
method to read and reproduce magneticaily recorded
information of the disk.

The disk is primarily mode of a perpendicularly
magnetized film such as GdCo or GdTbFe, and the
direction of magnetization of the perpendicularly mag-
netized film is initially oriented either upward or down-
ward. In the area where information has been
recorded, the direction of magnetization is reversed.
The information to be recorded is represented by the
number and/or length of marks having the opposite
direction of magnetization.

The recorded information is read by utilizing a
phenomenon (magnetic Kerr effect) in which a rota-
tion status of a polarization plane of a reflected light
when alinearly polarized light is illuminated to the disk
changes with the direction of magnetization (upward
or downward) of the magnetic film of the disk in the
area at which the information has been recorded. For
example, assuming that the polarization plane of the
reflected light is rotated by 6, degrees relative to the
polarization plane of the incident light when the direc-
tion of magnetization is upward relative to the incident
light, it is rotated by -6, degrees when the direction of
magnetization is downward relative to the incident
light.

In the prior art, the differential method is used to
read and reproduce the recorded information or
detect the rotation status of the polarization plane due
to the Kerr effect.

In the differential method, the reflected light is
split 1 by a TE-TM mode splitter arranged in the wave
guide) into two polarized light components having
mutually orthogonal polarization planes and substan-
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tially equal light intensities, and the split beams are
directed to photo-electric converters (detectors) to
detect an output difference (a difference between lon-
gitudinal components of oscillation) from the detec-
tors. It is advantageous in terms of S/N ratio over a
direct method in which a conventional analyzer is
used as an optical bulk element to measure only one
of the polarized light components.

When the differential method is used, it is neces-
sary to set the direction of polarization of the reflected
light to 45 degrees relative to the initial polarization
plane of the incident light before it is subjected to the
Kerr rotation. Thus, in the prior art, a polarization
plane rotating element (mode converter) is arranged
in the wave guide (single forward path of the light
beam) which supplies the detection light.

In the optical integrated device of the prior art, two
optical elements, the mode converter and the beam
splitter, are required in addition to the wave guide, and
those elements and the arrangement thereof signific-
antly affect to a reproducing capability.

Namely, in the prior art, the mode converter is
provided in the area of the second wave guide (single
forward path of the light beam) which supplies the
detection light in order to deflect the initial TE mode
light (which has a polarization plane parallel to the
plane of substrate) by 45 degrees. More exactly, it is
controlled to incline by 45 degrees when it is emitted
from the first wave guide.

A problem here is a radiation loss at a branch
point of the first wave guide, and the second wave
guide and the third wave guide. When the light passes
therethrough, both the TE mode light and the TM
mode light (which has a polarization plane normal to
the substrate) are subject to 50 % radiation loss. A
loss of the incident light may be compensated by
increasing a laser power but a loss of the reflected
light means reduction of read efficiency of the signal
component, which is a significant defect.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a novel optical integrated device which improves a
read and reproduction sensitivity for information
recorded on the disk by enhancing a read efficiency
for a signal component by the reflected light.

In order to achieve the above object, the optical
integrated device for the magneto-optical reproducing
head of the present invention comprises a first wave
guide for guiding a light beam for irradiating a mag-
neto-optical recording medium and a signal light
beam reflected by the medium; a first TE-TM mode
splitter for splitting said first wave guide into two wave
guides; a second wave guide coupled to said first
wave guide through said first splitter for guiding the
light beam for irradiating the magneto-optical record-
ing medium to said first wave guide; a third wave



3 EP 0 452 063 A2 4

guide coupled to said first wave guide through said
first splitter for guiding said signal light beam from said
first wave guide; polarization plane rotation means
arranged in a course of said third wave guide for rotat-
ing a polarization plane of said signal light beam; a
second TE-TM mode splitter for splitting said third
wave guide into two wave guides; a fourth wave guide
and a fifth wave guide coupled to said third wave
guide through said second splitter for guiding the
detection light beams split by said second splitter; and
a substrate having said five wave guides and said two
mode splitters formed thereon.

In the optical integrated device of the present
invention, the light beam guided from the light supply
source through the second wave guide is guided to
the first wave guide through the first mode splitter and
further illuminated to the disk plane from the end plane
of the first wave guide. The signal light beam reflected
by the disk plane again enters to the end plane of the
first wave guide and is guided to the third wave guide
through the first mode splitter.

The branch of the guided lights in the wave guide
is conducted by the first wave guide and the first mode
splitter arranged in the area containing the branch
point. The first mode splitter may be designed by a
design condition of the first wave guide.

As an example, the first wave guide may be a
double mode wave guide having a length thereof
determined by a wavelength of the light beam used,
and the first mode splitter may be designed such that
the light beam of the TE mode directed from the light
source to the second wave guide passes through the
first mode splitter and approximately 80 % of the in-
tensity thereof is transmitted to the first wave guide,
and the signal light beam reflected with 9 degrees
rotation by the Kerr rotation by the reflection on the
disk plane passes through the first mode splitter and
approximately 20 % of the intensity of the TE mode
light and 100 % of the intensity of the TM mode light
are transmitted from the first wave guide to the third
wave guide. Since it is considered thatthe signal com-
ponent by the Kerr rotation angle is included in the TM
mode, the radiation loss of the signal component of
the reflected light can be avoided by adopting the
mode splitter described above.

The signal light beam directed to the third wave
guide by the first mode splitter has the polarization
plane thereof rotated by 45 degrees by the polari-
zation plane rotation means provided in the third wave
guide, and it is further split by the second mode splitter
and directed to the fourth wave guide and the fifth
wave guide.

The second mode splitter is arranged in the area
which includes the branch point of the third wave
guide, and the fourth and fifth wave guides, and it is
designed to split the signal light beam which has the
polarization plane thereof rotated in the third wave
guide into the TE component and the TM component
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which are to be directed to the fourth wave guide and
the fifth wave guide, respectively.

The recorded information is read and reproduced
from the signal light beams directed to the fourth wave
guide and the fifth wave guide by the differential
method as is done in the prior art.

In order to read the information from the magneto-
optical recording medium, a light source for supplying
the light beam to be used for reading and a detector
for reproducing the information from the signal light
beam refiected by the disk plane are required. In the
optical integrated device of the present invention,
those are separate parts although they may be inte-
grated into a hybrid optical IC.

The optical integrated device of the present
invention is explained in further detail with reference
to the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic view of a first embodi-
ment of the present invention, and

Fig. 2 shows a schematic view of a second embo-
diment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Fig. 1 shows a schematic view of an optical inte-
grated device in accodance with one embodiment of
the present invention.

In the optical integrated device shown in Fig. 1,
wave guides are formed in an area shown by solid
lines on a substrate 10. A methaod for forming the wave
guides is well known in the optical integrated device.
In the present embodiment, a Ti coating is formed at
an area on the substrate 10 mode of LiNbO; on which
the wave guides are to be formed, and it is heated to
1000°C or higher to trans-difuse it, although the ma-
terial and the process are not restrictive.

A laser source 11 coupled to an end plane of a
wave guide 22 of the substrate 10 supplies a laser
beam to be used {o read information from a disk. The
light beam in the wave guide 22 has an electric field
vector thereof polarized paralelly to the substrate 10
(TE polarization).

The laser beam from the laser source 11 is direc-
ted to a wave guide 21 from the wave guide 22 while
the polarization status described above maintained.
Most portions of the light beam directed through the
wave guide 22 are directed from a first branch point
B to a point C on an end plane of the wave guide 21,
and the light beam emitted from the point C out of the
substrate 10 is directed to the disk, reflected by the
disk plane and again returned fo the point C as a sig-
nal light beam. The polarization plane of the reflected
signal light beam is rotated from that of the initial light
beam (TE polarization) by the Kerr effect due to the
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property of the magneto-optical material of the disk so
that a TM component (which is normal to the sub-
strate) is produced.

A TE-TM mode splitter 26 is formed atan area 81.
The TE-TM mode splitter 26 is designed such that it
transmits most parts (for example, 80 %) of the TE
mode component from the point B to the point C for
the forward light (the light beam mentioned above),
and directs most parts (for example, 80%) of the TE
mode component from the point C to the point B and
the rest (for example, 20 %) from the point C to a point
D in the third wave guide, and 100 % of the TM mode
component from the point C to the point D for the
return light (the signal light beam deflected by the
disk).

Thus, all portions of the TM component and some
portions of the TE component of the signal light beam
returned to the point C are directed to the point D.
Namely, the TM mode component which is the AC sig-
nal component necessary for reading the information
is directed to the area 83 of the wave guide 23 without
loss.

A wave guide polarization rotator including a
phase shifter 31 having electrodes and a mode con-
verter 32 having periodical structure electrodes is pro-
vided at the area 83. A phase difference between the
TE mode and the TM mode is rendered 90 degrees by
the phase shifter 31, and the direction of polarization
ofthe guided light is rotated by a predetermined angle
by the mode converter 32. The angle of rotation is
controlled by a pitch of the electrodes and a voltage
applied. When a symmetric differential method is
used, the angle of rotation is preferably set to 45 deg-
rees, and when an asymmetric differential method is
used, it is preferably other than 45 degrees.

For simplicity of explanation, means for reading
the recorded information for the symmetric differential
method is explained.

When the information is recorded on the disk, the
signal light beam arriving at the point E has a 44 deg-
rees polarization vector ("0" state light which is rotated
in a negative direction by the disk reflection) or a 46
degrees polarization vector (*1" state polarization
which is rotated in a positive direction by the disk ref-
lection) due to two information store states "1" and "0"
on the magnetic medium caused by the magnetic
orientation of the magneto-optical material. For the
simplicity of explanation, it is assumed that the rota-
tion angle of the polarization vector by the disk reflec-
tion is one degree.

The signal light beam having the above compo-
nents is directed to the second branch point E, and the
TE mode component is directed to the point F (wave
guide 24) while the TM mode component is directed
to the point G (wave guide 25) by the TE-TM mode
splitter 27 formed in the area 85.

Photo-detectors 15a and 15b of the same con-
struction connected to end planes of the wave guides
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24 and 25 are coupled to the end plane of the sub-
strate 10, and the light intensities of the respective
components of the signal light beam directed to the
wave guides 24 and 25 are detected by the photo-
detectors 15a and 15b connected to the end planes
of the respective wave guides.

The relative amplitudes of the signals detected by
the photo-detectors 15a and 15b are compared by the
differential method so that the content of the magneto-
optically recorded information on the disk is detected.

In accordance with the optical integrated device
of the first embodiment, the loss of light intensity in the
wave guide is minimized and the component neces-
sary for the detection can be directed to the detection
system without substantial loss. Accordingly, the
detection efficiency is significantiy improved.

In the present embodiment, the light beam from
the laser source is the TE polarization component and
the component by the Kerr rotation is the TM compo-
nent although the laser beam may be the TM polari-
zation and the component by the Kerr rotation may be
the TE component.

A second embodiment of the present invention is
now explained. In the second embodiment shown in
Fig. 2, a device forwriting (recording) magnetic record
information is integrated as it is in the prior art.

In Fig. 2, wave guides 120 - 125 formed on a sub-
strate 110 and optical means formed in areas 181 -
185 in the wave guides attain the same function as
that of the previous embodiment.

A light beam to be used for reading the infor-
mation recorded on the disk is supplied from a laser
source 111 formed externally of the substrate, and the
recorded information is read and detected by photo-
detectors 115a and 115b.

On the other hand, a laser source 114 is used to
write record information on the disk.

In the second embodiment, an illumination sys-
tem and a detection system for a reflected light for
tracking a groove of the magneto-optical recording
medium on the rotating disk and focusing the light
beam are provided. They comprise two identical sets
of laser, wave guide and detection systems 112, 162,
164, 153, 154 and 113, 166, 168, 155 and 156. Since
the two detection systems are identical in consfruction
and function, one of them is explained.

Alight beam is emitted from the laser source 112
amranged externally of the substrate and it is directed
to a splitter arranged at a point H. The light beam is
split into separate wave guides 162 and 164. The
lights are emitted from end planes J1 and J2 arranged
at an edge of the substrate 110 and they are directed
to the rotating disk plane. The lights reflected thereby
again enter into the end planes J1 and J2 and are
directed to K1 and 1. The amplitudes of those lights
are measured by the photo-detectors 153 and 154.
The photo detector 153 is used for focusing detection
and the photo-detector 154 is used for tracking detec-
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tion. The lights are emitted from the points J1 and J2
with the same spot size at those points. A focusing
error signal is detected by an offset of the distance
from J1 to J2 and correction is made by an appropriate
correction mechanism. For exampie, in a read (repro-
ducing) system which uses three spotlights as shown
in USP 3,876,842, it is not necessary that all of the
emitting ends of the wave guides align on the same
plane. Namely, two transmitting ends of the wave
guides which transmit the tracking detection lights
from the laser sources 112 and 113 are preferably off-
set by a predetermined amount from other transmit-
ting end in a direction normal to the plane of the
drawing.

In the present embodiment, one or more subs-
trates (not shown) are provided on the right hand of
the substrate 110 to support elements 111 - 114 and
161 - 156. The substrates home means for opfically
connecting the respective elements to the corre-
sponding wave guides of the substrate 110.

The device of the second embodiment is used fo
track the groove and focus the light to the disk surface
or the predetermined area so that the information at
the correct area of the disk is read and written. The
two identical circuits are used to track one groove
area and used for focusing on one side of the reading
track or the writing track of the information in the vici-
nity of the read/write spot.

While not shown, the device which carries the
optical integrated element is moved in accordance
with a tracking error signal detected by the tracking
detector and the device is moved to focus the light
beam onto the magneto-optical medium.

Claims

1. Anoptical integrated device for a magneto-optical
reproducing head, comprising:

a first wave guide for guiding a light beam
for irradiating a magneto-optical recording
medium and a signal light beam reflected by the
medium;

a first TE-TM mode splitter for splitting said
first wave guide into two wave guides;

a second wave guide coupled to said first
wave guide through said first splitter for guiding
the light beam for irradiating the magneto-optical
recording medium to said first wave guide;

a third wave guide coupled fo said first
wave guide through said first splitter for guiding
said signal light beam from said first wave guide;

polarization plane rotation means
arranged in a course of said third wave guide for
rotating a polarization plane of said signal light
beam;

a second TE-TM mode splitter for splitting
said third wave guide into two wave guides;
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a fourth wave guide and a fifth wave guide
coupled to said third wave guide through said
second splitter for guiding the detection light
beams split by said second splitter;

said five wave guides and said two mode
splitters being formed on said substrate.
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